We compared the penetration of three cephalosporins into interstitial fluid. Interstitial fluid was obtained in rabbits from Silastic tissue cages. Cefazolin, cephaloridine, and cefamandole were administered by the intramuscular route (30 mg/kg per injection). Peak blood levels and interstitial concentrations were studied after a single injection. Interstitial levels were also compared in a threeinjection study (one injection every 12 h) and in a cumulative effect study (six injections), in which the interval between injections was established for each drug on the basis of its common therapeutic use. After a single injection, cephaloridine activity was detected more rapidly and attained higher levels than the other two drugs within the first 4 h. However, 2 h after the third injection, cefazolin levels in tissue fluid were higher than with cephaloridine. Cefamandole consistently gave the lowest interstitial levels. With all three drugs, detectable concentrations were present in interstitial fluid at a time when no detectable antibiotic was found in serum. In the six-injection study, the interstitial levels obtained with cefazolin were significantly higher than those observed with the other drugs. Our data suggest that cefazolin is a drug of choice due to its high extravascular levels.
Cephalosporins appear to have comparable in vitro antibacterial activity, although susceptibility to inactivation by bacterial penicillinase may vary from drug to drug. In some instances, however, the antibacterial activity of one cephalosporin derivative has been shown to be superior to another against a few susceptible bacterial species. To our knowledge, it is difficult to demonstrate through clinical studies -on the sole record of survival of patients after an infectious process -that one cephalosporin derivative is therapeutically more effective than the others. The preferred agent should combine the best pharmacokinetic and antibacterial features, i. e., high blood concentrations, long serum half-life, large apparent volume of distribution, low rate of side effects, possible administration through the intramuscular (i.m.) route, and the lowest minimal inhibiting concentrations.
The purpose of our study was to provide new pharmacokinetic data for clinical choice. After i.m. injections, the concentrations of three cephalosporins were compared in an extravascular space. An animal model was used to obtain interstitial tissue fluid. Cefazolin, cephaloridine, and cefamandole were selected for study on the following grounds: (i) Cefazolin has been described as the preferred agent for both therapeutic and economic reasons (10, 12; W. M. M. Kirby, J. B. DeMaine, and W. S. Serill, Postgrad. Med. J. 47:41, 1971), but some authors have questioned its diffusibility because of its high level of serum protein binding (15) . (ii) Cefamandole pharmacology is similar to that of cephalothin (8) , but this drug has been shown to be active in vitro against some Enterobacter and indole-positive Proteus strains that are not usually susceptible to other cephalosporins and to be more effective against Haemophilus species (11) . (iii) Cephaloridine has been reported to be less than 30% bound in human serum (14) and is frequently used in prophylaxis. Serum half-life. For the pharmacokinetic analysis, the serum half-life of each antibiotic was calculated from the serum concentrations obtained after intravenous injection at the time when blood levels declined exponentially during the late elimination phase. The formula used was T1/2 = ln2/Ke, where ln2 is the natural logarithm of 2 and Ke is the slope of the regression line determined by the method of least squares (9 Single i.m. injection. After a 30-mg/kg i.m. dose, peak blood levels occurred at 0.5 h for cefazolin, cephaloridine, and cefamandole. Peak levels in serum (± standard deviation) were significantly higher for cefazolin (35.10 + 1.27 gg/ml) than for cephaloridine (25.83 + 1.04 ,ug/ml) and cefamandole (18.77 + 6.44 ,ug/ml). Average concentrations of the three drugs in, serum are shown in Fig. 1 . No drug activity was detectable in serum 12 h after i.m. injection with all three antibiotics.
MATERIALS AND METHODS

Animal
Interstitial fluid concentrations achieved after a single i.m. injection of each drug are shown in Fig. 2 . Cephaloridine appeared more rapidly in interstitial fluid and gave significantly higher levels than the other two drugs within the first 4 h. Twelve hours after i.m. injection, all three antibiotics were still detectable in interstitial fluid; interstitial fluid levels at that time were significantly higher for cefazolin than for the other two derivatives (P < 0.01). Cumulative effect study. For all three compounds, interstitial concentrations measured 2 h after the third injection (26 h) were significantly higher than those obtained 2 h after the first injection (2 h) (Fig. 3) .
The concentrations achieved in interstitial fluid at 1, 2, 12, and 26 h after the administration of three injections given, respectively, every 12 h were compared. The results of these comparisons are shown in Table 2 .
Cefamandole always gave the lowest concentrations. As indicated above, cephaloridine produced higher levels at 1 and 2 h. Cefazolin, however, induced significantly higher concentrations 2 h after the third injection (26 h).
Cumulative and saturation effect in simulated therapeutic conditions. The effect on interstitial concentrations of six i.m. injections administered at various intervals for each antibiotic is reported in Fig. 4 . A saturation effect seemed to occur with all three antibiotics: rapidly (two injections) with cephaloridine, at a level of approximatively 5 ,gg/ml, and after the fifth injection for cefamandole and cefazolin, at levels of approximatively 4 and 9.5 ,g/ml, respectively.
Serum half-life. The half-life of the three drugs after intravenous injection in rabbits was 32 min for cefazolin, 24 min for cephaloridine, and 23 min for cefamandole. The correlation coefficients of the regression lines plotted on a semilogarithmic scale with a straight line were -0.99.
Protein binding. The protein binding of the three antibiotics measured in 100% rabbit serum under simulated physiological conditions was 92.5% for cefazolin, 39.5% for cephaloridine, and 88% for cefamandole.
DISCUSSION
The same dose, 30 mg/kg, was used for all three cephalosporins. In the first part of this experiment, the animals received the drug at identical time intervals in order to study the diffusion into interstitial fluid under the same conditions. In the second part, an attempt was made to reproduce human therapeutic conditions as closely as possible.
In the single injection study, the rapid penetration of cephaloridine (0.5 h) and the higher levels obtained at 1, 2, and 4 h can be explained by the low degree of protein binding of this agent. Many authors have emphasized the importance of protein binding in determining the distribution of antibiotics in vivo (2, 15) . Our mg/kg every 8 h), and cefamandole (30 mg/kg every 6 and longer than for cephaloridine. Cefamanh) on interstitial fluid concentrations measured just dole is relatively highly bound and gives the before the next injection in rabbits. lowest blood levels. Consequently, this drug produces the lowest interstitial fluid concentration. determinations of the extent of protein binding With all three drugs, late sustained interstiin rabbits for cefazolin and cephaloridine are tial levels were measured at a time (12 h) when in the same range as those obtained by Nishida no concentration of the drug was detectable in et al. (13) . They are somewhat higher than the blood. This finding has been described by in man. Barza and Weinstein (1) have shown many authors on similar animal models (1, 5, 7, an inverse correlation between the percent-17, 18). Calnan et al. claimed that the fluid age of penetration into fibrin clots and the obtained under these conditions is indeed repreextent of binding of our penicillins. It appeared sentative of body interstitial fluid (6) . The presfrom their study that the degree of penetra-ence of protein in the tissue fluid raises many tion is closely related to the relative levels of questions. The extent to which cephalosporins free drug in the blood. It is not well defined bind to protein within the interstitial fluid has whether the peak level or the area under the been demonstrated to be weak (19) . It does not curve of free drug is the most important deter-seem to affect the antibiotic behavior outside minant of penetration. In this part of our study, the vascular compartment (19 In the three-injection study (every 12 h), the cumulative effect of each drug in the interstitial fluid seems to be related to the late sustained levels. The higher interstitial levels of cefazolin over cephaloridine obtained 2 h after the third injection are probably due to a greater cumulative effect of cefazolin. It should be pointed out that this comparison was not carried out under strictly comparable conditions: the intervals between injections were identical, whereas the half-life of cephaloridine is shorter than that of cefazolin. In the six-injection study, cefazolin, administered in the same total dose, produced the highest interstitial concentrations over a much longer period of time. Therefore, within the limits of this animal study, it appeared that cefazolin might be the preferred agent in prophylactic treatment and probably in long-term therapeutic use.
